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Abstract
FIR FU center has been developing high frequency gyrotrons for many applications. We are 
developing a high frequency and high power pulse gyrotron as a power source of Collective Thomson 
Scattering (CTS) diagnostics on the Large Helical Device (LHD) in National Institute for Fusion 
Science. For this purpose, a gyrotron in a frequency range of 350-400 GHz with a power level of 100 kW 
is desired.
We have realized oscillation around 50 kW in this frequency range at second harmonic with a 
gyrotron of demountable type. Following this gyrotron㧘 a new sealed-off type gyrotron was 
manufactured, and we confirmed second harmonic oscillation at frequency of 388 GHz with power of 
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Ꮕ⚂r10Ǵm㧕㧘౒ᝄེ㐳ߪ 12 mm㧘౉ജ஥࠹࡯ࡄ࡯ߪ 1.5q㧘಴ജ஥ߪ 3qߢ޽ࠆޕએਅ㧘⸳
⸘ᕁᗐࠍㅀߴࠆޕ400 GHz࡮100 kW⚖ߩࠫࡖࠗࡠ࠻ࡠࡦࠍ㐿⊒ߔࠆߦ޽ߚࠅ㧘ၮᧄᵄߢ 400 GHz
Ꮺߩ⊒ᝄࠍታ⃻ߒࠃ߁ߣߒߚᤨ㧘15 Tએ਄ߩ⏛႐ᒝᐲ߇ᔅⷐߢ޽ࠆޕߒ߆ߒኽߓಾࠅࡄ࡞ࠬࠫ
ࡖࠗࡠ࠻ࡠࡦߩ⵾૞ࠍ㐿ᆎߒߚ 2009ᐕᤨὐߦ߅޿ߡ㧘ᚒޘ߇ 15 T⒟ᐲߩᒝ⏛႐ࠍ⊒↢น⢻ߥ
ࡑࠣࡀ࠶࠻ࠍ౉ᚻߢ߈ࠆ⷗ㄟߺߪߥ߆ߞߚޕߘߎߢ㧘ᚻరߦ޽ࠆ 8 T⿥㔚ዉࡑࠣࡀ࠶࠻ࠍ೑↪




Ԙ ⊒ᝄࡕ࡯࠼ߩ౒ᝄ๟ᵄᢙ߇ 350 GHz߆ࠄ 400 GHz߹ߢߩ㑆ߦ޽ࠆޕ
ԙ ࡌ࠶࠮࡞㑐ᢙߩ࿕᦭୯ǿ’mn߇ઁߩ࿕᦭୯߆ࠄቅ┙ߒ㧘ઁߩ⊒ᝄࡕ࡯࠼ߣߩ┹วࠍ࿁ㆱߢ
߈ࠆࡕ࡯࠼ࠍㆬᛯߔࠆޕ































c                                                            (2) 
ߣߥࠅ㧘౒ᝄེඨᓘ Rc߇߶߷᳿ቯߔࠆޕ࿑ 5ߦᢙ⋥✢਄ߦǿ’mnࠍ␜ߔޕ㕍߇ੑᰴ㜞⺞ᵄ㧘⿒
߇ၮᧄᵄߢ޽ࠆޕߎߎߢ㧘ᚒޘߪၮᧄᵄߩǿ’mn߆ࠄቅ┙ߒߚ TE6,5ࡕ࡯࠼ߣ TE8,5ࡕ࡯࠼෸߮
ߘࠇࠄߩ๟ㄝߩࡕ࡯࠼ߦ⌕⋡ߒߚޕߎࠇࠄߩࡕ࡯࠼ߩ౒ᝄ๟ᵄᢙ߇ 350 GHz߆ࠄ 400 GHzߦ
ߥࠆࠃ߁ߦߔࠇ߫㧘(2)ᑼࠃࠅ౒ᝄེඨᓘߪ⚂ 3 mmߦߥࠆߎߣ߇ࠊ߆ࠆޕߐࠄߦ㧘೨ឭ᧦ઙ
Ԛࠍ⠨ᘦߒᦨ⚳⊛ߦ౒ᝄེඨᓘࠍ 2.99 mmߦ᳿ቯߒߚޕ࿑ 6ߦ౒ᝄེඨᓘ 2.99 mm ߦ߅ߌࠆ
㔚ሶࡆ࡯ࡓඨᓘߦኻߔࠆ TE6,5ࡕ࡯࠼ߣ TE8,5ࡕ࡯࠼ߩ⚿วଥᢙࠍ␜ߔޕ࿑ 6߆ࠄࠊ߆ࠆࠃ߁
ߦ TE6,5ߩ counter-rotating modeߣ TE8,5 counter-rotating modeߪ㔚ሶࡆ࡯ࡓඨᓘ 1.9 mmㄭறߢ
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߽㧘㔚ሶࡆ࡯ࡓඨᓘ 1.9 mmㄭறߦ߅޿ߡ TE6,5߿ TE8,5ࡕ࡯࠼ߣห⒟ᐲ߆㧘ߘࠇએ਄ߢ޽ࠆޕ
߹ߚ౒ᝄེ㐳ߪ TE6,5ࡕ࡯࠼ߦኻߒߡု⋥⊒ᝄല₸߇ᦨ߽㜞ߊߥࠆࠃ߁ߦ୯ࠍ᳿ቯߒߚޕ࿑ 7















































ၞࠍ⺞ߴߚޕ࿑ 8ߣ࿑ 9ߦࠠࡖࡆ࠹ࠖඨᓘ 2.99 mm, ౒ᝄེ㐳 12 mm㧘ࡆ࡯ࡓඨᓘ 1.9 mm㧘ࠞ
࠰࡯࠼㔚࿶ 40 kVߦ߅ߌࠆTE6,5㗔ၞߣTE8,5㗔ၞߢߩਥ⏛႐ߦኻߔࠆ⊒ᝄ㐿ᆎ㔚ᵹߩ⸘▚⚿ᨐ
ࠍ␜ߔޕ࿑ਛߩታ✢ߪ co-rotating mode㧘⎕✢߇ counter-rotating modeߢ޽ࠆޕ࿑ 8ߢߪੑᰴ㜞
⺞ᵄ TE6,5ࡕ࡯࠼㧘TE15,2ࡕ࡯࠼෸߮ၮᧄᵄ TE3,3ࡕ࡯࠼ߩ⊒ᝄ㗔ၞߪ߶߷㊀ߥࠆߎߣߥߊ㧘ಽ
















































































ォㆇߢ਄એA 9 ᵹ㔚ࡓ࡯ࡆሶ㔚㧘Vk 56 ࿶㔚࠼࡯࠰ࠞ㧘ߪࡦࡠ࠻ࡠࠗࡖࠫࠬ࡞ࡄࠅಾߓኽ
ߔ⹺⏕ࠍሶ᭽ߩᝄ⊒ߣో቟ߩ⟎ⵝߪߢ㛎ታߩ㓙ታޕߚߒ⸘⸳ࠍ⟎ⵝ㧘ߦ߁ࠃࠆ߈ߢ߇ߣߎࠆߔ
ജ㔚౉ᛩߦޘᓢ㧘ߒᆎ㐿ࠍ㛎ታࠄ߆ᐲ⒟A 2 ᵹ㔚ࡓ࡯ࡆሶ㔚㧘Vk 04 ࿶㔚࠼࡯࠰ࠞ㧘ߦ߼ߚࠆ
ޕߚߖߐടჇࠍ
߽ߚߒセᲧࠍᨐ⚿㛎ታߣ୯▚⸘⺰ℂߩᵹ㔚ᆎ㐿ᝄ⊒ࠆߌ߅ߦVk 04 ࿶㔚࠼࡯࠰ࠞ㧘ߦ 01 ࿑
ࡆሶ㔚㧘mm 21 㐳ེᝄ౒㧘mm 99.2 ᓘඨེᝄ౒㧘Vk 04 ࿶㔚࠼࡯࠰ࠞ㧘ߪ)a( 01 ࿑ޕߔ␜ࠍߩ
⊒ࠆߔኻߦ႐⏛ਥߩᵄ⺞㜞ᰴੑߣᵄᧄၮߩᤨߚߒߣ3.1࡯࠲ࠢࠔࡈ࠴࠶ࡇ㧘mm 09.1 ᓘඨࡓ࡯
႐⏛ഥ⵬㧘A 2 ᵹ㔚ࡓ࡯ࡆሶ㔚㧘Vk 04 ࿶㔚࠼࡯࠰ࠞߪ)b( 01 ࿑ޕࠆ޽ߢ▚⸘⺰ℂߩᵹ㔚ᆎ㐿ᝄ
ࠢ࡟ࠛࡠࠗࡄߪߦ಴ᬌߩภାߩ)b( 01 ࿑ޕࠆ޽ߢᕈሽଐ႐⏛ਥߩᐲᒝᝄ⊒ࠆߌ߅ߦA 061 ᵹ㔚
⋥ߦ࡯࠲ࠢ࠹ࠖ࠺ࠢ࠶࡝࠻ࠢ࡟ࠛࡠࠗࡄߪᒻᵄߩ✢ታ㧘ߚ߹ޕߚ޿↪ࠍ࡯࠲ࠢ࠹ࠖ࠺ࠢ࠶࡝࠻
೨ߩ࡯࠲ࠢ࠹ࠖ࠺ࠢ࠶࡝࠻ࠢ࡟ࠛࡠࠗࡄߪᒻᵄߩ✢⎕㧘ᘒ⁁ߚߒ኿౉ࠍജ಴ࡦࡠ࠻ࡠࠗࡖࠫធ
































ᧄᵄߩ⊒ᝄାภߪࠞ࠶࠻ߐࠇߡ޿ࠆߎߣ߇ࠊ߆ࠆޕ߹ߚ㧘6.7 Tઃㄭߦ㧝ߟ㧘7.4 T߆ࠄ 7.6 T
ߦ߆ߌߡ㧟ߟߩੑᰴ㜞⺞ᵄߩାภ߇ᬌ಴ߐࠇߡ޿ࠆߎߣ߇ࠊ߆ࠆޕߐࠄߦ㧘ੑ ᰴ㜞⺞ᵄߩ⊒ᝄ
⏛႐㗔ၞାภߪၮᧄᵄߩ㗔ၞ߆ࠄ߽ಽ㔌ߐࠇߡ޿ࠆߩߢੑᰴ㜞⺞ᵄන⁛⊒ᝄ߇ᦼᓙߢ߈ࠆޕᰴ
ߦ࿑ 10(a)ߣ(b)ࠍᲧセߔࠆߣ㧘࿑ 10 (b)ߩ 6.7 Tઃㄭߦ޽ࠆ⊒ᝄାภߩᒝ޿ࡇ࡯ࠢߪ㧘࿑ 10 (a)
ߩੑᰴ㜞⺞ᵄ TE6,5ࡕ࡯࠼ߩ⊒ᝄ㗔ၞߣࠃߊ৻⥌ߒߡ޿ࠆޕ߹ߚ࿑ 10 (b)ߩ 7.4 T߆ࠄ 7.6 Tߩ
㑆ߦ߽㧟▎ᚲߩࡇ࡯ࠢ߇⷗ࠄࠇࠆޕ࿑ 10 (a)ߣᲧセߔࠆߣ㧘㧟▎ᚲߩࡇ࡯ࠢߩౝ㧘Ꮐߩࡇ࡯ࠢ
ߪ TE3,7ߦ㧘ਛᄩߩࡇ࡯ࠢߪ TE1,8߹ߚߪ TE17,2ߦ㧘ฝߩࡇ࡯ࠢߪ TE8,5ࡕ࡯࠼ߩ⊒ᝄ㗔ၞߦߘࠇ
ߙࠇ৻⥌ߒߡ޿ࠆޕߐࠄߦੑᰴ㜞⺞ᵄߣᕁࠊࠇࠆࡇ࡯ࠢ⏛႐ߦ߅޿ߡࡈࠔࡉ࡝࡮ࡍࡠ࡯㧔FP㧕
ᐓᷤ⸘ߦࠃࠆ๟ᵄᢙ⸘᷹ࠍⴕߞߚߣߎࠈ㧘6.7 Tઃㄭߢߪ 350 GHz(TE6,5ࡕ࡯࠼)ࠍ㧘7.4 T߆ࠄ

































































㔚࠼࡯࠰ࠞߚߒ⹺⏕ࠍᝄ⊒⁛නᵄ⺞㜞ᰴੑߩ࠼࡯ࡕ2,71ET ߪߚ߹8,1ET 11 ࿑
ޕߩ߽ߚߒ࠻࠶ࡠࡊࠍߖࠊวߺ⚵ߩᵹ㔚ࡓ࡯ࡆሶ㔚ߣ࿶
ߪߚ߹8,1ET ߪ21 ࿑ޕߔ␜ࠍᕈሽଐᵹ㔚ࡓ࡯ࡆሶ㔚ߩ₸ലᝄ⊒ߣ୯㜞ᦨߩജ಴ᝄ⊒ߦ21 ࿑
߇ജ಴㜞߽ᦨߢਛߩߘ㧘޿ⴕࠍ᷹⸘ജ಴ߢ࠲࡯ࡔ࡜ࡄォㆇߚࠇࠄᓧ߇ᝄ⊒⁛නߩ࠼࡯ࡕ2,71ET
࠼࡯࠰ࠞߪ࠻࠶ࡠࡊߩภ⸥ਣޕࠆ޽ߢߩ߽ߚߒ࠻࠶ࡠࡊߦߣߏᵹ㔚ࡓ࡯ࡆሶ㔚ࠍ୯ߚࠇࠄᓧ







࿑ 12 ਛߩࠞ࠰࡯࠼㔚࿶ 60 kVߢߪ㧘㔚ሶࡆ࡯ࡓ㔚ᵹ߇Ⴧടߦߔࠆߦߟࠇߡ⊒ᝄ಴ജߪჇട
ߒߡ޿ࠆߎߣ߇ࠊ߆ࠆޕߒ߆ߒ⊒ᝄല₸ߪ㔚ሶࡆ࡯ࡓ㔚ᵹ߇Ⴧടߔࠆߦߟࠇߡૐਅߒߡ޿ࠆ
ߎߣ߇ࠊ߆ࠆޕߐࠄߦ㔚ሶࡆ࡯ࡓ㔚ᵹ 9 Aߢ಴ജߪ㘻๺ߒ㧘10.5 Aߢ಴ജߪૐਅߒߡ޿ࠆޕ
ߎࠇߪ㔚ሶࡆ࡯ࡓ㔚ᵹ߇Ⴧᄢߒߚߎߣߦࠃࠅ㔚ሶࡆ࡯ࡓߩຠ⾰߇ഠൻߒߡ޿ࠆน⢻ᕈ߇⠨
߃ࠄࠇࠆޕߘߎߢ㧘ࠞ࠰࡯࠼㔚࿶ࠍ 65 kV߹ߢჇᄢߐߖߡ಴ജ⸘᷹ࠍⴕߞߚߣߎࠈ㧘ࡆ࡯ࡓ
㔚ᵹ 11 Aߦ߅޿ߡ 62 kWࠍ㆐ᚑߒ㧘ߎࠇ߹ߢߩ಴ജ⸥㍳ࠍᦝᣂߒߚޕࠞ࠰࡯࠼㔚࿶ࠍჇᄢߐ
ߖߚߎߣߦࠃࠅ㧘㔚ሶࡆ࡯ࡓߩ⾰ߩഠൻ߇ᛥ߃ࠄࠇߚ߽ߩߣ⠨߃ࠄࠇࠆޕߒ߆ߒ㧘㔚ሶࡆ࡯

































⒟ᐲߢ޽ࠅ㧘TE1,8ߣ TE17,2ࡕ࡯࠼ߩ౒ᝄ๟ᵄᢙᏅ 1 GHzߩ㆑޿ࠍ್೎ߔࠆߎߣ߇චಽߦน⢻ߢ
޽ࠆޕ࿑ 13(a)ߦࠞ࠰࡯࠼㔚࿶ 50 kV㧘ࡆ࡯ࡓඨᓘ 1.95 mmߦ߅ߌࠆਥ⏛႐ߦኻߔࠆ⊒ᝄ㐿ᆎ㔚
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ᒝᝄ⊒ࠆߌ߅ߦA 091 ᵹ㔚႐⏛ഥ⵬㧘A 4 ᵹ㔚ࡓ࡯ࡆ㧘Vk 05 ࿶㔚࠼࡯࠰ࠞ)b(㧘ߣᨐ⚿▚⸘ߩᵹ
⏛ഥ⵬ߚ߹ޕࠆ޿ߡߒ࠻࠶ࠞࠍภାߩᵄᧄၮ㧘ߒ↪૶ࠍFPH ߪ)b(ޕߔ␜ࠍᕈሽଐ႐⏛ਥߩᐲ
⊒ࠆߔኻߦ႐⏛ਥߩ)a(31 ࿑ޕࠆ޽ߢmm 59.1 ⚂ߡߒ▚឵ߦ୯ቯ⸳ߩᓘඨࡓ࡯ࡆߪA 091 ᵹ㔚႐
෸࠼࡯ࡕ2,71ET㧘8,1ET㧘7,3ET ߦ㗅ࠄ߆஥႐⏛ૐ㧘ߡߌ߆ߦT 7.7 ࠄ߆T 5.7 ߪߢ▚⸘ߩᵹ㔚ᆎ㐿ᝄ
ߡߌ߆ߦT 7.7 ࠄ߆T 5.7㧘ߣࠆߔセᲧߣ)b(31 ࿑ޕࠆࠇߐᗐ੍߇ᝄ⊒ߩ࠼࡯ࡕߩߟ㧠ߩ5,8ET ߮




⵾ߩེᝄ౒ߡߞࠃޕࠆߥߣ୯޿߈ᄢmǴ5.2 ⚂ࠅࠃmm 99.2 ߣࠆߔ▚⸘ࠍᓘඨེᝄ౒㧘ߒ౉ઍ
ࡕ5,8ET ࠼࡯ࡕ7,3ET㧘ࠄ߆ᨐ⚿ߚߴㅀߩ਄એޕߚߞ߆ࠊ߇ߣߎࠆ޽ߢ୯޿ߐዊߦಽలߪᏅ⺋૞
ޕߚߒഞᚑߦ೎್ߩ࠼࡯ࡕ2,71ET ߣ࠼࡯ࡕ8,1ET㧘ߦ౒ߣ࠼࡯
⸘ߩᵹ㔚ᆎ㐿ᝄ⊒ࠆߔኻߦ႐⏛ਥࠆߌ߅ߦmm 59.1 ᓘඨࡓ࡯ࡆ㧘Vk05 ࿶㔚࠼࡯࠰ࠞ)a(31 ࿑








)zHG(F㰱 edoM )zHG (
93.0- 7,3ET 05.583 11.583 515.7
83.0- 8,1ET 51.883 77.783 155.7
04.0- 2,71ET 92.983 98.883 706.7
04.0- 5,8ET 55.293 51.293 726.7
⏛ߚߒ⹺⏕ࠍᝄ⊒ജ಴㜞ޕߚߴ⺞ࠍᐲᒝภାFI ࠆߔኻߦ႐⏛ਥߩ࠼࡯ࡕ2,71ET ߣ8,1ET ߦᰴ
ࠞߦ41 ࿑ޕߚߞⴕࠍセᲧߒ᷹⸘ࠍᐲᒝߩภାFI ߩࠇߙࠇߘߩ࠼࡯ࡕ2,71ET ߣ8,1ET ߢၞ㗔႐
FI ߩ࠼࡯ࡕ2,71ET ߣ࠼࡯ࡕ8,1ET ߩߢA 031 ᵹ㔚႐⏛ഥ⵬㧘A 5 ᵹ㔚ࡓ࡯ࡆ㧘Vk 06 ࿶㔚࠼࡯࠰
T 5.7 ࠍ႐⏛ਥ㧘ߡ޿ߟߦ࠼࡯ࡕ2,71ET ߣ࠼࡯ࡕ8,1ET ߪ41 ࿑ޕߔ␜ࠍᕈሽଐ႐⏛ਥߩᐲᒝภା
5 ࠍᐲᒝภାFI ࠆࠇߐ␜⴫ߦࡊ࡯ࠦࠬࡠࠪࠝࠄ߇ߥߖߐൻᄌߟߕT 10.0 ߡߌ߆ߦT 7.7 ࠄ߆
8,1ET ߦ߁ࠃࠆ߆ࠊࠄ߆ 41 ࿑ޕࠆ޽ߢߩ߽ߚߒ࠻࠶ࡠࡊࠍဋᐔߩ୯ߩࠄࠇߘ㧘ߒ᷹⸘ߟߕ࿁
mBd 55㧙⚂ߢ㑆ߩT 56.7 ࠄ߆T 55.7 ߦ․㧘ߒ⹺⏕ࠍภାFI ߢ࿐▸ߩT 7.7 ࠄ߆T 5.7 ߪ࠼࡯ࡕ
㧘ߊᒙᄌᄢߡߴᲧߦ࠼࡯ࡕ8,1ET ߪᐲᒝภାߩ࠼࡯ࡕ2,71ET㧘ᣇ৻ޕߚߒ⹺⏕ࠍภାFI ޿ᒝߩ
ߞ߆ߥ߈ߢ⹺⏕޿߹ߒߡߞ߹ၒߦਛߩ࠭ࠗࡁߪ࡞࠻ࠢࡍࠬߩภାFI ߪߢ႐⏛޿ૐࠅࠃT 95.7
⒟mBd 07㧙⚂ߪᐲᒝภାFI ߽ߢT 07.7 ࠄ߆T 06.7 ߚ߈ߢ߇ߣߎࠆߔ⹺⏕ࠍภାFI ߚ߹ޕߚ









































12 T⿥㔚ዉࡑࠣࡀ࠶࠻ࠍ↪޿ߚ 300 GHzၮᧄᵄࠫࡖࠗࡠ࠻ࡠࡦࠍ⵾૞ߒ㧘ታ㛎ࠍⴕ߁੍ቯߢ޽
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